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Abstract
The amount of CO2 emissions in production and logistics has been increasing in not only developed countries but also emerging 
countries, especially Asian countries such as Malaysia and China which have been achieved remarkable economic growth. For 
global warming, these emerging countries also play an important role to reduce the CO2 volumes, therefore, it has been more 
important to design a low-carbon supply chain including the Asian countries by balancing not only costs but also the CO2 volumes. 
This study models and designs a global supply chain network including these Asian countries for balancing the costs and the CO2
volumes in production and logistics. The research defines a mixed integer programming (MIP) problem to satisfy not only the 
demand of the market for finished products but also the reduction ratio of the environmental impact by determining the supplier 
and factory location between developed and emerging countries.
© 2014 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of Assembly Technology and Factory Management/Technische Universität Berlin.
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1. Introduction
Not only developed but also emerging countries such as 
Malaysia and China which have been achieved remarkable 
economic growth have faced with a problem that the amount of 
CO2 volumes in production has been increasing. Also, Asian
countries are the largest trading partners for Japan, and also
these emerging countries also play an important role to 
visualize and reduce the CO2 volumes for global warming.
Therefore, it is essential for the CO2 volumes to reduce the 
amount of carbon dioxide in the entire supply chain which is 
that properly manages and plans the products and information 
[1] including Asian countries [2]. Life Cycle Assessment 
(LCA) which is the most commonly used method to identify, 
quantify, evaluate, and prioritize potential CO2 volumes
directly attributable to sustainability of products [3] is used as 
a method of estimating the amount of CO2 volumes. Also, Life 
Cycle Inventory (LCI) Database is that representative unit 
process data on a national level or regional level covering a 
wide range of industry [4]. According to the LCI database with 
input-output tables, the CO2 volumes of parts and products in 
production differ from one country as well as part to another [5]
because, for example, available natural resources for electric 
power are different by each country. According to the LCI 
database with Asian international Input-Output Tables [5], the 
countries which not only the CO2 volumes but also production 
cost in producing the parts and products is relatively lower exist.
Therefore, it is important to design the supply chain balancing 
for the total costs and CO2 volumes by selecting among Asian 
countries. The previous study [6] proposed an optimal design 
for a global supply chain network considering the CO2 volumes 
in parts production using the LCI databases by the input-output 
tables of China and Japan and the production/logistics cost 
between two countries such as China and Japan. In there, the 
Chinese and Japanese LCI database by input-output tables was
used to estimate the CO2 volumes of each part produced or 
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procured in each country. Therefore, their global supply chains
between only China and Japan could be analyzed. In addition,
it was not easy to do unified discussions and evaluations 
because the Chinese and Japanese LCI databases are different.
However, it is possible to compare the environmental impact in 
the design of global supply chain by using a developed another
LCI database using Asian international Input-Output table. This 
database has the same basis about parts produced and procured 
in nine countries including China and Japan.
With sustainability considerations, Yamada et al. [8] 
determined the each supplier procured each part to minimize 
the procurement cost throughout the product under the targeted 
reduction of Greenhouse Gas (GHG). However, factory 
locations, market placement, the logistics cost and the number 
of production are not taken into consideration.
This study proposes to model and design the global supply 
chain network including Asian countries, and balances not only 
the production/logistics cost but also the CO2 volumes in parts 
production to determine the suppliers and factory locations with 
satisfying the demand by adopting the LCI database with the
Asian international input-output tables. Though the previous 
study [6] performed the comparison of only one scenario such 
as China and Japan, it is possible to compare three scenarios 
such as Malaysia and China, Malaysia and Japan, and China 
and Japan by adding Malaysia in the experiments.
This paper is organized as follows; Section 2 explains the 
model for the global supply chain network among countries 
considering the CO2 volumes, and a minimizing of the parts
production and logistics costs is formulated as a mixed integer 
programming (MIP) problem [7]. Section 3 sets an example 
problem for calculating the supply chain and parts data
including the countries where parts are produced and a bill of 
material (BOM) with CO2 volumes. Section 4 adopts the supply 
chain network model to the product example of a cleaner and 
design for low-carbon supply chain. Finally, Section 5 
concludes the paper and proposes the future works.
2. Modeling and formulation of global supply chain 
network considering CO2 emissions
2.1. Global supply chain network model between two 
countries considering CO2 emissions
Based on [6], this study considers a global supply chain 
network model among countries for an assembly product as 
shown in Fig.1. The filled or diagonal boxes show the lands of 
countries, and dotted red circle means an area considering the 
CO2 volumes in this study. First of all, part j is produced by 
supplier l in country cn. The purchased part j provided by 
supplier l in country cn is transported to factory a. The product
consisting of N parts for each product is assembled at factory a,
and after that, they are transported to market b. Also, factory 
and market are selected in 1 place out of a and b types. Also, it 
is assumed that only one type of product is produced.
Table 1 summarizes the covered production/logistics costs
and the CO2 volumes in this study. The covered/non-covered
costs and CO2 volumes are indicated by żRUî, respectively. 
With the CO2 volumes in the supply chain network, the CO2
volumes for parts production are obtained using the BOM with 
the CO2 volumes for each part [8] by a life cycle inventory 
database by input-output tables [9] [10].
Fig. 1. Model of a global supply chain among countries
With the production and logistics costs, it is assumed that 
there are two types of costs for parts production cost PClj and 
for transportations from suppliers to factories LCla and from the 
factories to market LCab. It is assumed that there is no difference
with respect to the non-covered stage among the countries.
Table 1. Summary of covered subjected production/logistics costs and CO2
emissions in this study
ż㸸Covered, ×㸸Non-covered
The respective logistics costs for LCla and LCab are obtained 
by multiplying the distance between supplier l and factory a or 
between factory a and market b by a logistics coefficient tl as 
Equation (1).
LC= d × tl                    (1)
Notations used in this study are set as follows:
i) Sets
L : Set of suppliers
F : Set of factories
MA : Set of markets
J : Set of parts
CN : Set of Countries
ii) Index
l : Index of suppliers
a : Index of factories
b : Index of markets
j : Index of parts
cn : Index of countries
iii) Decision variables
: Number of parts logistics from supplier l to factory 
a
: Number of product logistics a product from factory 
a to market b
: Number of production in factory a
iv) Parameters
: Logistics cost of parts logistics from supplier l to 
factory a in country cn
: Logistics cost of product logistics from factory a to 
market b
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: Parts production/purchased cost of part j in country 
cn
: 1, if supplier l supplies the part j in country cn
0, otherwise
: Number of product demand in market b
: Numbers of part j needed for product
: CO2 volumes of part j at supplier l in country cn
: Number of parts logistics from supplier l to factory 
a when not considering CO2 volumes in country cn
: Target reduction ratio of total CO2 volumes
: Distance between supplier l in country cn and 
factory a
: Distance between factory a and market b
tcn, pa : Coefficient of parts logistics in country cn
tcn, pr : Coefficient of product logistics in country cn
2.2. Formulation of global supply chain network model 
between two countries considering CO2 emissions
In order to propose a design method with visualizing the 
CO2 volumes and the costs in a global supply chain by using 
the LCI database, the formulation is shown to be used in this 
study.
A global supply chain includes a case between two countries. 
For example, previous study [16] proposed the design for a 
supply chain between China and Japan. Therefore, it is 
assumed that the parts from the suppliers can be procured from 
two countries in order to examine the fundamental behaviors of 
each country by using the same LCI database. The global 
supply chain network for a binational case is generally 
developed and formulated using MIP [11] based on [8]. Also, 
there are factory locations problems: Cases to locate new 
factories or use existing factories. In the former case, these are 
many previous studies using the model considering opening 
cost. (For example, [12] and [13].) In the latter case, the number 
of items to transport each route is determined [14], and this 
study focus on this study. This section is performed to verify 
the effect of reduction of the CO2 volumes while minimizing 
the total costs for designing the global supply chain network. 
The formulations of the model are set as follows:
v) Objective function
The objective function is set for minimizing the total costs
as Equation (2).
Minimize (2)
vi) Constraint conditions
(3)
(4)
(5)
(6)
(7)
Similar to [6], equation (2) is an objective function for 
minimizing the total costs. Equation (3) shows that all the parts 
requirement are met from the assigned suppliers. Equation (4) 
means to satisfy demand in market b. Inequality (5) means a 
constraint on a targeted reduction ratio of the CO2 volumes.
Equation (6) shows that the amount of product logistics from 
factory a to market b equals to the amount of parts logistics 
from supplier l to factory a. Inequality (7) constraints 
nonnegative conditions.
3. Example problem of global supply chain network
among Asian countries
3.1. Example of assembled product model
In order to solve the MIP problem formulated in Section 2.2, 
this study uses an example of a cleaner 3D-CAD model [15].
As Asian countries case, Malaysia, China and Japan are chosen.
According to BOM with LCI database using Asian
international input-output table [8], it is assumed that the 
procurement cost for all parts in Japan for 501.00 [yen] is 
highest among other Asian countries while its CO2 volumes for 
each part in Malaysia for 2,739.33 [g-CO2] and China for 
9,069.89 [g-CO2] are higher than that in Japan.
Table 2 shows a BOM with a purchased cost and CO2
volumes for each part in the case of cleaner [8]. By using the 
cleaner case, this study verifies a relationship between the CO2
volumes and the total costs.
Table 2. Bill of material with a purchased cost and CO2 volumes for each part 
among Malaysia, China and Japan in the case of cleaner [8].
3.2. Example of candidate cities for suppliers, manufacturers 
and market
As the example problem of the global supply chain, the 
candidate cities in Malaysia, China and Japan are set for an 
experiment. Table 3 shows country combinations of candidate 
suppliers for each scenario. The cities in Japan are selected the 
famous cities in the east and west at random. Similarly, the 
cities in China are selected the famous cities in the coast and 
inland areas while Malaysia are selected the famous cities in 
west and east islands at random. In addition, it is assumed that
a market city is only Tokyo in Japan. Tables 7 and 8 show the 
distance between cities. Finally, demand of city for Tokyo is 
set as 1,000 units for the final products as shown, and it is 
assumed each supplier supplies two or more parts.
Table 3. Country combinations of candidate suppliers for each scenario.
Malaysia China Japan Malaysia China Japan
1 Wheel of nozzle 2 1.08 0.98 1.96 31.57 40.83 13.52
2 Wheel stopper 2 0.26 0.24 0.47 7.64 9.88 3.27
3 upper nozzle 1 3.84 3.47 6.98 112.42 145.40 48.14
4 Lower nozzle 1 3.14 2.85 5.72 92.10 119.12 39.44
5 Nozzle 1 2.63 2.38 4.78 77.03 99.63 32.98
6 Right handle 1 3.73 3.38 6.78 109.25 141.30 46.78
7 Switch 1 0.32 0.29 0.58 9.38 12.13 4.02
8 Left handle 1 3.94 3.57 7.16 115.43 149.30 49.43
9 Left body 1 14.27 12.92 25.95 418.13 540.80 179.04
10 Right body 1 13.71 12.41 24.93 401.63 519.45 171.98
11 Dust case cover 1 5.30 4.80 9.64 155.35 200.93 66.52
12 Mesh filter 1 32.94 29.83 59.90 1,145.85 2,166.77 390.38
13 Connection pipe 1 5.56 5.04 10.12 68.95 304.40 39.85
14 Dust case 1 25.48 23.07 46.32 746.35 965.31 319.59
15 Exhaust tube 1 2.21 2.00 4.01 64.61 83.57 27.67
16 upper filter 1 31.68 28.68 57.59 1,101.76 2,083.39 375.36
17 Lower filter 1 2.24 2.02 4.06 65.49 84.70 28.04
18 Protection cap 1 2.40 2.18 4.37 70.41 91.06 30.15
19 motor 1 6164.91 5,582.05 11,208.93 57,896.39 199,822.38 29,465.72
20 Rubber of outer flame of fan 1 3.06 2.77 5.56 109.80 227.16 50.44
21 outer flame of fan 1 6.50 5.89 11.82 80.55 355.64 46.55
22 Lower fan 1 1.15 1.04 2.09 33.67 43.55 14.42
23 Fan 1 7.32 6.63 13.32 90.77 400.74 52.46
25 6,337.68 5,738.48 11,523.06 63,004.53 208,607.43 31,495.74
1.09 275.55 249.50 501.00 2,739.33 9,069.89 1,369.38Average
Sum
Production cost (yen) CO2 volumes (g-CO2)
Part No. Part name
Number of
parts
Scenarios Combination of suppliers
Scenario 1 Malaysia and China
Scenario 2 Malaysia and Japan
Scenario 3 China and Japan
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The experiments are conducted by a personal computer with 
Windows, Intel(R) Core(TM) i7-2600 CPU@3.40GHz and 
mathematical programming software NUOPT (Mathematical 
systems Inc.) [17]. The other parameters for the experiments 
are set as follows:
Logistics coefficient: tl=0.01 
Distance between supplier and factory:
Table 7. Distance between supplier and factory among Malaysia, China and 
Japan (km): dla.
Distance between factory and market:
Table 8. Distance between factory and market among Malaysia, China and 
Japan (km): dab.
Logistics cost of parts logistics from supplier l to factory a:
Table 9. Logistics cost of parts logistics from supplier l to factory a in the 
case of tl=0.01: Lcla.
Logistics cost of product logistics from factory a to market 
b:
Table 10. Logistics cost of product logistics from factory a to market m in the 
case of tl=0.01: Lcab
Similar to [6], target reduction ratio of total CO2 volumes:
İCO2, r =0%, 6%, 30%, 40%, 50% (the case of Malaysian and 
Japanese supplier), 60% (the case of Malaysian and Chinese 
and Chinese and Japanese supplier), 70% (the case of 
Malaysian and Chinese suppliers) and 85% (the case of 
Chinese and Japanese suppliers).
4. Optimal design example for low-carbon supply chain 
network
4.1. Result of supplier selection and factory location for 
target CO2 reduction ratio
Governments might be required for an approach to limit the 
CO2 volumes. For example, Japanese government had set a 
reduction target of 6% for the Kyoto Protocol in 1997, and will 
have set another target of 80% in the beautiful country of 36 
years later in 2050. In this section, a numerical experiment is 
conducted by increasing the target reduction ratio of the CO2
volumes from 0% to 70% in the scenario 1, to 50% in scenario 
2 and to 85% in scenario 3 including 6% (Kyoto Protocol 
Target). When the all parts are procured from Japan in 
scenarios 1 and 3, the total CO2 volumes are 31,512,527 [g-
CO2] and the value cannot be reduced any more. Similarly, 
when the all parts are procured from Malaysia in the scenario 
2, the total CO2 volumes are 63,043,741 [g-CO2] and the value 
can’t be reduced any more.
Table 11 shows the result of the supplier selection and 
factory location for CO2 reduction ratio in the case of 
Malaysian and Chinese suppliers. It is assumed that the value 
is set as a baseline when the reduction ratio of CO2 volumes is 
0% in the case of Chinese and Japanese suppliers. With a 
factory location, it is seen that the product is assembled in 
Malaysian factory in all cases. With supplier selection, only 
one part such as motor (#19) is selected and procured from 
China when the reduction ratio is 0%. As shown in the BOM
in Table 2, the production cost and CO2 volumes of motor (#19) 
are more than 95% of the whole product. Therefore, the part 
with the highest CO2 volumes is selected because the CO2
volumes in one product can be reduced by more than 65% when 
the motor (#19) is changed from China to Malaysia.
As the reduction ratio increases from 0% to 6%, it basically 
requires that the motor supplier should be switched from China 
to Malaysia with lower CO2 volumes to satisfy the targeted CO2
reduction ratio as the whole of supply chain. In this case, only 
motor (#19) is selected from both Malaysian and Chinese
suppliers, and 913 out of 1,000 parts of the motor (#19) are 
procured from China.
When it achieves the 6% reduction for CO2 volumes target 
ratio in Kyoto Protocol, the total costs are increased by only 
0.3 %. Therefore, the total costs and CO2 volumes are good at 
balancing in the case of Malaysian and Chinese suppliers
because the increasing rate of the total costs is smaller than the 
reduction ratio of the CO2 volumes.
Similar to the case of Malaysian and Chinese suppliers,
another numerical experiment in the case of Malaysian and 
Japanese suppliers is conducted. Table 12 shows the result of 
supplier selection and factory location for CO2 reduction ratio 
in the case of Malaysian and Japanese suppliers. Some similar 
results comparing to Malaysian and Chinese suppliers are 
observed as follows:
z The parts with high CO2 volumes such as motor (#19)
are switched from Malaysia to Japan.
z When the reduction ratio is increased, part suppliers 
procured from Malaysia are switched to Japan with 
lower CO2 volumes.
Unlike the case of Malaysian and Japanese supplier, the 
product is assembled in Malaysian factory when the reduction 
ratio is 0%. As the reduction ratio is increased from 6% to 40%, 
the product is assembled in both Malaysian and Japanese 
factory and the product of 7 and 2 units are assembled in 
Malaysian factory when the reduction ratio is 6% and 40%,
respectively. In 6% reduction ratio, only motor (#19) is selected 
from both Malaysian and Chinese suppliers, and 967 out of 
1,000 parts are procured from Malaysia in the Japanese factory.
It is considered that the product is assembled in the countries 
where parts are procured in order to be lower logistics cost from 
factory to market. Finally, the product is assembled in the 
Japanese factory when the reduction ratio is 50%. Therefore, it
Malaysian suppliers Alor Star Penang Kuantan Malacca Kuala Lumpur Johor Bahru Kuching Sibu Miri Kota Kinabalu Sandakan Ipoh Penang
Shanghai 3557.37 3627.88 3594.90 3810.35 3753.38 3802.36 3507.53 3374.90 3094.89 2866.30 2848.23 3649.02 3627.88
Kuala Lumpur 362.62 271.53 197.28 121.66 1.00 296.13 979.40 1132.72 1373.62 1631.81 1841.33 175.88 271.53
Tokyo 5189.06 5247.67 5149.01 5362.58 5327.63 5316.21 4861.67 4695.47 4374.74 4092.69 3991.75 5251.27 5247.67
Chinese suppliers Guangzhou Chunking Nanjin Harbin Xian Chengdu Changchun Dailian Hangzhou Jinan Qingdao Suzhou Fuzhou
Shanghai 1213.24 1443.63 269.96 1680.21 1222.06 1662.60 1441.31 855.43 165.06 724.87 547.82 84.88 612.04
Kuala Lumpur 2551.00 2986.04 3683.34 5328.12 3553.85 3064.11 5091.53 4465.12 3592.50 4052.15 4138.60 3708.86 3171.28
Tokyo 2905.61 3165.16 1968.96 1576.78 2796.21 3350.87 1523.03 1637.51 1917.38 2026.51 1739.29 1836.43 2216.55
Japanese suppliers Fukuoka Hiroshima Yokohama Osaka Nagoya Sapporo Kumamoto Kobe Shizuoka Kyoto Sendai Niigata Wakayama
Shanghai 878.86 1085.12 1750.30 1364.44 1501.34 2192.03 888.68 1336.97 1628.70 1396.07 1934.30 1769.66 1324.24
Kuala Lumpur 4514.68 4715.19 5308.33 4953.62 5088.63 5922.84 4477.34 4931.17 5184.65 4994.44 5576.05 5422.53 4898.08
Tokyo 881.95 675.19 27.79 396.89 258.87 833.04 886.49 423.86 142.99 364.13 305.56 254.66 443.22
Kuala Lumpur Shanghai Tokyo
Market Tokyo 5327.63 1760.19 1
Factory
Malaysian suppliers Alor Star Penang Kuantan Malacca Kuala Lumpur Johor Bahru Kuching Sibu Miri Kota Kinabalu Sandakan Ipoh Penang
Shanghai 35.57 36.28 35.95 38.10 37.53 38.02 35.08 33.75 30.95 28.66 28.48 36.49 36.28
Kuala Lumpur 3.63 2.72 1.97 1.22 0.01 2.96 9.79 11.33 13.74 16.32 18.41 1.76 2.72
Tokyo 51.89 52.48 51.49 53.63 53.28 53.16 48.62 46.95 43.75 40.93 39.92 52.51 52.48
Chinese suppliers Guangzhou Chunking Nanjin Harbin Xian Chengdu Changchun Dailian Hangzhou Jinan Qingdao Suzhou Fuzhou
Shanghai 12.13 14.44 2.70 16.80 12.22 16.63 14.41 8.55 1.65 7.25 5.48 0.85 6.12
Kuala Lumpur 25.51 29.86 36.83 53.28 35.54 30.64 50.92 44.65 35.92 40.52 41.39 37.09 31.71
Tokyo 29.06 31.65 19.69 15.77 27.96 33.51 15.23 16.38 19.17 20.27 17.39 18.36 22.17
Japanese suppliers Fukuoka Hiroshima Yokohama Osaka Nagoya Sapporo Kumamoto Kobe Shizuoka Kyoto Sendai Niigata Wakayama
Shanghai 8.79 10.85 17.50 13.64 15.01 21.92 8.89 13.37 16.29 13.96 19.34 17.70 13.24
Kuala Lumpur 45.15 47.15 53.08 49.54 50.89 59.23 44.77 49.31 51.85 49.94 55.76 54.23 48.98
Tokyo 8.82 6.75 0.28 3.97 2.59 8.33 8.86 4.24 1.43 3.64 3.06 2.55 4.43
Kuala Lumpur Shanghai Tokyo
Market Tokyo 53.2763 17.6019 0.01
Factory
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is considered that the product is assembled in the factory close 
to the suppliers. As shown in logistics cost from supplier to 
factory in Table 9 and from factory to market in Table 10, it is 
considered that the logistics cost in parts of 2,500 units is larger 
than one in product of 1,000 units.
Compared to the baseline in the case of Chinese and 
Japanese suppliers, as the reduction ratio is increased from 40% 
to 50%, the total costs are increased by 95%. Therefore, it is 
difficult to balance for the costs and CO2 volumes when the
CO2 volumes is reduced because the increasing rate of the total 
costs is larger than the reduction ratio of the CO2 volumes.
Finally, this section is performed the other numerical 
experience in the case of Chinese and Japanese suppliers.
4.2. Behaviors of total costs and CO2 volumes in all scenarios
In this section, the behaviors of the total costs and the CO2
volumes are shown and discussed to examine the effect of the 
targeted reduction ratio of the CO2 volumes. Fig.2 shows the 
behavior of the total costs for CO2 volumes in cases of 
Malaysia and Chinese, Malaysia and Japanese, and Chinese 
and Japanese suppliers. In the all scenarios, the total costs are
increased as the target CO2 reduction ratio is increased. The 
baseline is the 0% reduction ratio in the case of Chinese and 
Japanese suppliers. From Fig. 2, a triangle is drawn by three
lines. In the case of Malaysian and Chinese suppliers, it is 
possible to reduce the CO2 volumes by 70% at the maximum 
from the baseline. On the other hand, the CO2 volumes are
reduced by 70% compared to baseline when the reduction ratio 
is 0% in the case of Malaysian and Japanese suppliers. One of 
the reasons is that the parts are procured from Malaysia with 
lower CO2 volumes than one from China when the reduction 
ratio is 0%. Thus, the proposed design method can find a case 
that the total cost is quantitatively reduced by adding the other 
country in the global supply chain.
In comparison to the case of Chinese and Japanese suppliers, 
it is possible to keep down the total costs by 3,521,511 [yen] at 
maximum reduction ratio when the CO2 volumes are reduced 
by combining the Malaysian and Japanese, and Malaysian and 
Chinese suppliers. One of the reasons is that the production cost 
is increased by 9% and 41% smaller on average in comparison 
to changing from China to Japan when the parts suppliers are 
changed from China to Malaysia.
Table 11. Result of supplier selection and factory location for CO2 reduction ratio: Case of Malaysia and Chinese supplier
Table 12. Result of supplier selection and factory location for CO2 reduction ratio: Case of Malaysia and Japanese supplier
Part No. Part name
Malaysian
supplier
Chinese
supplier
Malaysian
supplier
Chinese
supplier
Malaysian
supplier
Chinese
supplier
Malaysian
supplier
Chinese
supplier
Malaysian
supplier
Chinese
supplier
Malaysian
supplier
Chinese
supplier
Malaysian
supplier
Chinese
supplier
Malaysian
supplier
Chinese
supplier
Malaysian
supplier
Chinese
supplier
Malaysian
supplier
Chinese
supplier
Malaysian
supplier
Chinese
supplier
1 Wheel of nozzle Alor Star Guangzhou 2,000 0 0 0 2,000 0 0 0 2,000 0 0 0 2,000 0 0 0 2,000 0 0 0
2 Wheel stopper Penang Chunking 2,000 0 0 0 2,000 0 0 0 2,000 0 0 0 2,000 0 0 0 2,000 0 0 0
3 upper nozzle Kuantan Nanjin 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
4 Lower nozzle Malacca Harbin 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
5 Nozzle Kuala Lumpur Xian 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
6 Right handle Johor Bahru Chengdu 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
7 Switch Kuching Changchun 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
8 Left handle Sibu Dailian 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
9 Left body Miri Hangzhou 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
10 Right body Kota Kinabalu Jinan 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
11 Dust case cover Sandakan Qingdao 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
12 Mesh filter Ipoh Suzhou 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
13 Connection pipe Penang Fuzhou 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
14 Dust case Alor Star Chunking 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
15 Exhaust tube Kuala Lumpur Changchun 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
16 upper filter Penang Suzhou 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
17 Lower filter Sandakan Fuzhou 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
18 Protection cap Alor Star Dailian 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
19 motor Malacca Jinan 0 1,000 0 0 87 913 0 0 578 422 0 0 867 133 0 0 1,000 0 0 0
20 Rubber of
outer flame of fan
Sibu Chengdu 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
21 outer flame of fan Ipoh Qingdao 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
22 Lower fan Kuching Hangzhou 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
23 Fan Kuantan Xian 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0 1,000 0 0 0
81,919,897
7%
63,043,741
9%
204,969,731
-0.5%
192,622,170
0.3%
122,936,508
5%
Target reduction ratio
Factory location
Total cost 
Difference (%)
yen
Total CO2 volumes
g-CO2
Difference (%)
70%
Malaysian factory Chinese factory
-70%
6,486,3865,942,827 5,990,116 6,257,004 6,414,093
-2% -8% -41% -61%
0% 6% 40% 60%
Malaysian factory Chinese factory Malaysian factory Chinese factory Malaysian factory Chinese factory Malaysian factory Chinese factory
Part NO. Part name
Malaysian
supplier
Japanese
supplier
Malaysian
supplier
Japanese
supplier
Malaysian
supplier
Japanese
supplier
Malaysian
supplier
Japanese
supplier
Malaysian
supplier
Japanese
supplier
Malaysian
supplier
Japanese
supplier
Malaysian
supplier
Japanese
supplier
Malaysian
supplier
Japanese
supplier
Malaysian
supplier
Japanese
supplier
1 Wheel of nozzle Alor Star Fukuoka 2,000 0 0 0 14 0 0 1,986 4 0 0 1,996 0 0 0 2,000
2 Wheel stopper Penang Hiroshima 2,000 0 0 0 14 0 0 1,986 4 0 0 1,996 0 0 0 2,000
3 upper nozzle Kuantan Yokohama 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
4 Lower nozzle Malacca Osaka 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
5 Nozzle Kuala Lumpur Nagoya 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
6 Right handle Johor Bahru Sapporo 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
7 Switch Kuching Kumamoto 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
8 Left handle Sibu Kobe 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
9 Left body Miri Shizuoka 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
10 Right body Kota Kinabalu kyoto 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
11 Dust case cover Sandakan Sendai 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
12 Mesh filter Ipoh Niigata 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
13 Connection pipe Penang Wakayama 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
14 Dust case Alor Star Fukuoka 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
15 Exhaust tube Kuala Lumpur Nagoya 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
16 upper filter Penang Hiroshima 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
17 Lower filter Sandakan Shizuoka 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
18 Protection cap Alor Star Sapporo 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
19 motor Malacca Osaka 1,000 0 0 0 7 0 967 26 2 0 219 779 0 0 0 1,000
20 Rubber of
outer flame of fan
Sibu Kobe 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
21 outer flame of fan Ipoh Niigata 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
22 Lower fan Kuching Niigata 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
23 Fan Kuantan Yokohama 1,000 0 0 0 7 0 0 993 2 0 0 998 0 0 0 1,000
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6,572,059
59,223,632
6,779,778
Target reduction ratio
Factory location
Total CO2 volumes
g-CO2
Difference (%) -70% -72% -82%
10% 14% 76%
Total cost
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Fig. 2. Behaviors of total costs for CO2 volumes: Cases of Malaysia and 
Chinese, Malaysia and Japanese and Chinese and Japanese suppliers.
With a percentage of the total costs, the production cost 
accounts for 95% of the total costs in all scenarios. However, 
it is considered that the case which the logistics cost is higher
exists in practice. Therefore, further experiments focused on
balancing of the production, parts logistics and product 
logistics costs are needed. On the other hand, the solutions may 
be selected from the inside of the triangle when the parts from
suppliers can be procured among three countries at same time.
5. Conclusions
This study modeled and designed a global supply chain 
network including these Asian countries for balancing the costs 
and the CO2 volumes in production and logistics. The research 
defined a MIP problem to satisfy not only the demand of the 
market for finished product but also the reduction ratio of the 
CO2 volumes by determining the supplier and factory location 
among Asian countries. The main conclusions observed in the 
experiments were follows as:
z In the case of Malaysian and Chinese suppliers, the
costs and the CO2 volumes were good at balancing
because the CO2 volumes were reduced by 70% while 
the total costs were increased by 9% at maximum from
the baseline.
z In the case of Malaysian and Japanese suppliers, it was
difficult to balance the costs and the CO2 volumes 
because their CO2 volumes were reduced by 15% 
while the total costs were increased by 85% at 
maximum from the baseline.
z In comparison to the case of Chinese and Japanese 
suppliers, it was possible to keep down the total costs
when the CO2 volumes were reduced by combining the 
Malaysian and Japanese, and Malaysian and Chinese 
suppliers.
Future works should consider to procure three or more 
countries at same time, to apply the other products, fixed cost 
for the factory location, the use of foreground data such as cost 
and CO2 volumes that is collected by real companies and the 
risk such as lead time [18] and scale aspect etc.
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